Abstract-This paper presents innovations to stimulate the autonomy of engineering students by using different active methodologies. The strategies designed to address this problem are based on analyzing students' learning styles and incorporating specific tools into teaching practice, such as "M-eRoDes," which supports the automatic evaluation and feedback of concept maps created by them. Among the main findings, the students' assessment of the activity "making concept maps" stands out as useful but not easy. Despite the difficulty, or precisely for that reason, the experience has contributed to improve their autonomy and to develop skills to express the knowledge they have learned.
From the point of view of non-technical training in Engineering, students should experience the process of preparing a document or creating a presentation. However, this is meaningful only if they receive immediate feedback from teachers to help them reflect upon their own performance. When there is a large number of students or the curriculum includes many activities of this type, assessment and feedback tasks become impractical. Nevertheless, it is essential that students understand if they have achieved the goal of the activity and whether they are capable of correctly expressing and communicating what they learned.
These issues have motivated educators to seek alternative evaluation procedures, mainly automated ones, where their responsibilities are monitoring and accompanying the development of the learning process.
In an optional course, offered to last year students of Computer Engineering, a series of activities have been planned and implemented with the aim of encourage students' autonomy. These activities involve students' participation both individually and in groups. To this end, an automatic evaluation system based on the use of conceptual maps as student knowledge representation model was developed. This evaluation method applies semantic techniques to calculate a number of learning indicators; and it has been built into an online learning tutor called M-eRoDes. This tutor was developed by Baldassarri and Álvarez [2] as part of a previous work. The use of conceptual maps presents certain difficulties to students when they need to represent the knowledge they have acquired. However, the experience showed the usefulness of the learning indicators that were calculated, encouraging students to reflect upon their own learning process.
On the other hand, it was observed that not all students learn in the same way, and not all of them have the same ability to express and represent their ideas. This has steered us into considering a potential correlation between learning styles and student performance in the representation activities proposed in the context of the learning process.
Therefore, in this paper, we consider the integration of conceptual maps in the teaching and learning process of Engineering students, and its suitability as knowledge representation and evaluation tool is analyzed based on the students' learning styles. To evaluate the conceptual maps and for giving automatic feedback to the students, M-eRoDes is used. Moreover, the work carried out in [3] is extended, presenting other eleven activities proposed by teachers. The ease-of-use and usefulness of conceptual maps are compared to the other activities, for a more accurate understanding of students' opinion as regards the full proposal of the course, and to analyze these based on learning styles. This paper is structured as follows: Section II includes comments on related works, Section III introduces the context and goals for this work; Section IV describes the experience, detailing scheduled activities; Section V presents the tools used to carry out the activities; Section VI discusses the results obtained for the various goals; and, finally, Section VII summarizes our conclusions and future lines of work.
II. STATE OF THE ART
In this section, existing works in three areas of interest for this article are presented: tutoring and learning applications, automatic evaluation systems used by these applications, and studies of the learning styles of students using these applications.
First, it should be noted that there are quite a few commercially available and open source platforms for learning management, such as Moodle, Blackboard or Canvas LMS, as well as software applications that act as intelligent online tutors [4] - [6] . Currently, all these solutions face the challenge of offering learning that is personalized and/or tailored to each student. This adaptability is offered on two different levels -through contents, by suggesting different materials and exercises for the same task, thus adapting to the individual needs of each student [7] , or through a learning itinerary, by personalizing the tasks that the student will have to carry out, and their level of difficulty, during the learning process itself [8] . Regardless of the customization method used, most learning systems make relevant decisions based solely on the results obtained by students in the evaluation tests. However, some works have studied the impact and the possibility of considering additional features of interest about the students to make these decisions, such as student personal and demographic profile [9] , student emotions [10] and even student learning styles [11] .
These personalization options should be integrated into the pedagogical model used by the learning platform or application. In general, existing solutions opt for a learning model based on problem solving. This learning model has widely proven its efficacy, but it is limited from the point of view of the type of activities that can be scheduled. For instance, none of the existing applications proposes learning based on collaborative techniques or team work, with the exception of the solution proposed in [12] for collaboratively solving medical cases.
The second issue of interest is how these applications assess student learning. In general, the evaluation tools offered are based on the use of different types of tests. Tests can easily be graded in an automatic way and offer quantitative, immediate feedback to the student. However, their cost measured in preparation time is high, and they are hard to use in combination with training evaluation methods. Research works have explored alternative techniques for automatic evaluation of learning, such as those based on knowledge representation and analysis using conceptual maps. These semantic techniques have been successfully tested in education [13] and, even though they have some issues related to the difficulty students have to express their knowledge using these maps [14] , some solutions have already been proposed to facilitate their application (for instance, creating maps from text descriptions [15] , or providing students with an empty structure of the map they should build, like a "fill-in-the-map" kind of activity).
The tools that are available for automatically evaluating learning based on the use of conceptual maps usually resort to two different analysis techniques: structural models [16] , [17] and relational models [18] , [19] . Structural models are only applicable to hierarchical maps and assign a score to the solution based on the hierarchy of concepts that is represented (number of levels, number of concepts in each level, relations between concepts from different levels, etc.). On the other hand, relational models assign a score to the map based on its similarity with a reference map previously defined by the educator. This score usually takes into account the concepts and relations that are successfully discovered and identified. Regardless of the model, feedback offered to students after the evaluation is a key issue. As a disadvantage, feedback is usually a quantitative grade of the map and a comparison with the average grade obtained by classmates. As an exception, in the model described in [20] , feedback includes the concepts and relations that students failed to discover.
Lastly, the third aspect of interest is that related to considering student learning style. Learning is essentially a change caused by experience [21] , and this change does not happen in the same way for each and every student. From this perspective, the approach presented by Kolb [22] , [23] is relevant, where learning is considered as a cycle that revolves around a two-axis process -grasping experience (CE/Concrete Experience and AC/Abstract Conceptualization) and transforming experience (RO/Reflective Observation and AE/Active Experimentation). Behind each of the quadrants that are generated in these phases of the cycle (CE-RO-AC-AE) there is an underlying learning style. Depending on individual characteristics, there are process preferences that will result in students being able to perform more easily in those parts of the cycle that match their preferences. Taking this as a starting point, Kolb defined four typologies based on how the student prefers to work with the information: divergent, assimilator, convergent and accommodative.
Kolb [22] discusses the duality between being activereflective or being immediate-analyzing. In [24] , this is applied to an approach to learning styles, which are defined as: "[…] cognitive, affective and physiological features that serve as relatively stable indicators of how students grasp, interact with and respond to their learning environments" [24, p. 48] ; and the authors define their CHAEA questionnaire with four possible learning styles based on Kolb's model: active (divergent), reflective (assimilator), theoretical (convergent) and pragmatic (accommodative). This approach is particularly relevant for this work, since there is a specific scale for Computer Science students [24] that allows categorizing group preferences. It should be noted that in a research work that relates CHAEA to learning strategies, the creation of conceptual maps is specifically mentioned as an activity of choice for the theoretical and pragmatic styles [25] . Therefore, this relation is used as an antecedent for our research.
On the other hand, in Felder and Silverman's [26] learning styles model, four two-pole scales are proposed: Active/Reflective, Sensing/Intuitive, Visual/Verbal and Sequential/Global. The research carried out by these authors in the context of Engineering show that students have a preference for the active, sensing, visual and global styles (in the case of more creative students).
These results do not match the data obtained in research studies carried out using CHAEA in the context of technical courses of studies (including Computer Science) as regards the preference for the active style. These studies show that this group of students have a low preference for the active style, and specifically recommend going for active experimentation instead [27] , [28] .
After analyzing the state of the art, it can be observed that the learning tutor developed and used in this experience is a novelty contribution as regards supported activity types (collaborative and team activities) and its automated, in-built assessment system (based on conceptual maps). On the other hand, a second contribution is the possibility of analyzing scheduled strategies and activities taking into account the learning styles of Computer Science students. These results can help understand the strengths and weaknesses of the didactic proposals being used.
III. CONTEXT AND OBJECTIVES
Since academic year 2014-2015, a number of didactic strategies and innovations centered on students have been implemented, in courses of the final year of the career of Computer Engineering, through three Teaching Innovation projects financed by the University of Zaragoza. These strategies propose the active involvement of students in the teaching and learning process, as well as promoting student autonomy and increasing motivation. In addition to the traditional theoretical lectures used to introduce basic concepts and laboratory practices to get hands-on experience with different computer tools currently used, various activities are proposed in which students have to produce their own learning resources, share them, and use them to learn. This approach is an alternative to the usual scenario, where the educator is responsible for preparing the resources used to teach and study.
Another key, innovative issue is the procedure used to evaluate activities. It is important that students receive immediate feedback related to how they are progressing in their learning. Given the number and diversity of activities that take place during the course, automatic and continuous evaluation was considered as part of the teaching strategy, also oriented to encourage autonomy.
The use of conceptual maps was proposed as knowledge representation element, and a relational assessment model was designed to calculate learning indicators using M-eRoDes [2] . However, the suitability of conceptual maps for the learning styles of the students participating in the course had not been considered in previous courses. This issue is relevant from the point of view of the validity that the learning indicators use may have. For this reason, the specific objectives related to this work are aligned with analyzing and correlating these variables, more specifically with: In particular, we analyzed student opinions about the difficulties found when building the maps, the type of map used, whether the maps built reflected what they thought they had learned, as well as how useful this tool was for the assessment process. 4-Establishing the learning style of the students that participate in the course and identifying the preferred style for the current academic year.The basic characteristics of the preferred styles should help teachers consider if their activities proposal is appropriate for the profile of the students. On the other hand, the existence of a potential relation between students preferred activities and those tasks where they should feel more comfortable based on their preferred learning style will also be analyzed.
IV. THE EXPERIENCE
This innovation experience was carried out for the subject "User-Centered Design. Designing for Multimedia" (UCD). This is a mandatory course for the "Information Technology" specialization branch of the Computer Engineering higher course of studies. It is taught in the eighth semester. The number of enrolled students usually ranges from 15 to 20 per classroom. This subject, in particular, favors the implementation of the strategies proposed, since its contents include teaching how to work with multimedia resources. Therefore, the activity related to preparing learning resources turns out to be a specific use case of what the students are learning.
The subject proposes a run through different types of activities to help students taking last-year subjects, whose contents are in constant evolution, get actively involved in their learning process and achieve greater autonomy and improve their ability to express what they have learned. Figure 1 shows the specific sequence of activities proposed, which combine team-work and individual work, going through the following phases:
• Phase 0: topic proposal and team creation. Usually, the teacher proposes different topics for which it would be analysis of the learning indicators obtained by the students. During phases 1, 2 and (part of) 3, the role of the educators is to provide advice and monitor students, both in practical sessions and in tutorial activities, either in person or through email consultation. It is not until the final phase of the activities that the educator evaluates student intermediate learning indicators and the end result obtained by each team. Using that information, the educator is then able to grade (if necessary) the work carried out by the students, detect any issues that may have affected the process, and propose any corrective measures.
V. TOOLS AND INSTRUMENTS USED
In this section, we briefly describe the various tools used to carry out this innovation experience. First, we describe M-eRoDes, the software system used to schedule and carry out the different activities included in this proposal. Then, the instruments and methods used to study student learning styles are also described, as well as the different opinion surveys used for gathering data.
A. M-eRoDes Description
Despite the wide variety of existing software applications, both commercial and for research, to schedule and manage teaching and learning activities [29] , none of these solutions supports the activity models used in this innovation experience (for instance, to mediate the sequence of activities shown in Fig. 1 ). For this reason, the M-eRoDes system was developed, which is a service-oriented web tool that provides the necessary functionality to schedule and carry out learning activities based on active and collaborative methodologies [30] . From the point of view of the experience described in this paper, M-eRoDes allows semantically storing the learning resources created by the students, accessing them for learning activities, and automatically self-assessing such learning. In these processes, both semantics and conceptual maps play a key role, as described in the paragraphs below.
M-eRoDes includes a semantic repository of learning resources. Each time a new resource is stored in the system, it is semantically labeled based on its contents. This labeling process is automatic and allows contextualizing the resources from the standpoint of a domain ontology [31] . These labels favor classification and subsequent access to and use of the resources.
An additional key functionality offered by M-eRoDes is the possibility of scheduling learning activities based on the use of the resources available in its repository. The web interface of the system allows students to access the list of activities that they must complete during the course. A typical activity consists in accessing a learning resource, viewing its contents, and self-assessing by doing a test. An example of this type of basic activity would be the task scheduled in Phase 2 of the activity described in Fig. 1 .
One of the most significant innovations in M-eRoDes is its evaluation system based on conceptual maps. The creator of a learning resource must express, using a conceptual map, the teaching objectives associated with the resource, as well as its key contents; i.e., what a student working with the resource should learn. This map is called a reference map, and it is stored in the system repository together with its resource. On the other hand, when students work with a resource, they must use a conceptual map, called learning map, to express what they think they have learned. The evaluation system automatically compares these two maps from the point of their contents, relations and significance in the context of the resource. This comparison is done by combining different semantic similarity and graph theory algorithms, and the results obtained are then interpreted to offer students a quantitative and qualitative assessment of their learning [13] . To make this interpretation easier, a simple color scale is used to help students identify those parts of the map that were successfully completed and those that need improvement. In addition to this, the system allows students to access their history of learning indicators, while educators have access to a history of the activities they have scheduled for students.
This self-assessment system requires students to be able to represent acquired knowledge (or knowledge that should be acquired) in a conceptual map. This task is not simple or intuitive in most cases [14] . For this reason, as part of the experience, two specific actions were scheduled. First, at the beginning of course, a class is offered to teach students a simple technique for creating conceptual maps. This methodological view is complemented with examples and simple exercises to help them understand how to approach the representation process. The class has a duration of 2 hours. As a second measure, every time students are required to create a conceptual map from scratch, the tool provides a list of concepts to help them prepare the corresponding knowledge structure. This list includes the concepts contained in the reference conceptual map used in the tool's automatic evaluation process.
Therefore, M-eRoDes allows educators to schedule the various learning activities and offers functionality to help students complete the tasks involved and evaluate the knowledge they acquired, as shown in Fig. 1 . The tool's interface is simple and does not require any specific training. However, to help students use it, a class is offered as an introduction to M-eRoDes. This class has a duration of 1 hour, and its main goal is to make sure students know how to create new resources, work with existing ones, create conceptual maps, and interpret the learning indicators offered by the system. Additionally, the tool has an online help system as a supplement to this initial, basic training.
B. Instruments for Learning Styles and for Activities Assessment
Below, we discuss other tools that were used during the course that are relevant to the objectives proposed in this work, both for analyzing student learning styles as well as to obtain information about how students grasp and assess the different activities.
First, two different questionnaires were used to identify and analyze student learning styles, namely:
• The CHAEA questionnaire [24] , consisting in 80 statements (20 for each style: active, reflective, theoretical and pragmatic), scored on a dichotomous scale (+/ agree or −/ disagree). The score obtained corresponds to the preference, which is graphically represented on a two-axis scale, creating what the authors call a "diamond". • Felder's Index [32] : this index consists of 44 dual selection statements that allow establishing preference in twopole scales between: Active/Reflective, Sensing/Intuitive, Visual/Verbal and Sequential/Global. Similarly, other opinion and assessment surveys were also used to obtain useful information to help achieve the goals proposed, namely:
• Completing an individual questionnaire to assess team work and the conceptual map generated by the group.
• Completing an assessment survey in relation to the conceptual maps produced individually about the resources created by other groups. 
VI. RESULTS
In this section, the results obtained are discussed from the point of view of the objectives described in Section III above.
A. Objective 1: Learning Indicators Interpretation
As regards the first objective, Table I lists the learning indicators obtained by students when going through the sequence of activities shown in Figure 1 , more specifically, as a result of Phase 2 based on autonomous learning. These indicators are automatically calculated by M-eRoDes using the selfassessment procedure based on conceptual map similarity.
Each column in Table I represents the indicators obtained by each student, and the rows correspond to the resources used in the teaching and learning process (specifically, seven different resources were created as part of this experience; see the note in Table I ). For each resource, the global result and the indicators for concept similarity and relation similarity are shown. Quantitative results are automatically color-coded to help students and educators interpret them-red means insufficient learning; yellow, learning could be improved; and green, adequate learning. This color-coding is configurable and it is based on the experience with previous courses. Lastly, the checkboxes marked with an "X" indicate that the student did not complete the activity corresponding to that resource (in this case, because the student was a member of the group that created the resource in Phase 1 of the activity).
A global analysis of the indicators allows identifying certain problems in the teaching and learning process. On the one hand, those students that present mostly red indicators (e.g., students 2 and 9) are students who have not correctly worked with the learning resources or who have not been able to use conceptual maps to express what they learned. On the other hand, if the reference conceptual map is not correctly prepared, i.e., it does not represent the main ideas for its contents, then the corresponding resource would yield poor results (e.g., the "Human-Robot Interaction", HRI resource). Another important issue derived from the indicators is that students are, in general, capable of identifying the key concepts presented by the resources (rows C-S, "ConceptSimilarity"), but they have significant trouble when they need to represent the relations among these concepts (rows R-S, "Relational-Similarity"). This experience has led us to the conclusion that the process of discovering relations and correctly representing them is complex and demands a greater level of student reflectiveness and maturity than what they currently have. Student ability and experience are also believed to play a role when working with conceptual maps; in this case, there were many students who had no prior experience using this type of activity oriented to represent knowledge.
Despite these difficulties, the use of this type of representation techniques forced students to reflect about what they learned, abstracting and contextualizing knowledge of interest for each specific resource. This additional effort strengthens the learning process itself. Also, in addition to providing learning indicators, M-eRoDes provides students with the reference conceptual map associated with each resource. Thus, they can visually compare their learning maps with the reference map and identify which knowledge (concepts, associations or contextual information) they did not consider to be relevant, reinforcing the feedback provided by the system. However, in future courses certain modifications may be introduced in the conceptual maps training offered to students and in the methodology used to create these maps, such as on-going training as an alternative to the single class that takes place when the course starts, or providing the students directly with the syntactic structure of the maps and have them just fill in the concepts, their relevance and relation labels.
B. Objective 2: Easiness and Usefulness Assessment for the Different Activities
As regards the second objective, the results obtained can be seen in tables II and III, which include the means, modes and deviations in opinions about the easiness and usefulness of the Fig. 1 , as well as in relation to the master class and practical classes, which are also part of the subject dynamics. Student opinions were collected and analyzed using 6-level surveys, where 1 represents not easy/not useful and 6 represents very easy/very useful).
In both tables, activities are sorted in descending order based on the mean value obtained for each of them. It should be noted that all activities in Table II start with "1", and all activities in Table III start with "2", which is the only difference in activity numbering between both tables. Table II shows that the easiest activity and with the highest level of agreement (highest mode and lowest deviation) is activity 1.4 (Etopía), which is practical activity that involves going out of the campus and visiting an applied technology center. This is the only activity with a mode of 6, in terms of easiness. However, it is the seventh in terms of usefulness.
Attending to master class (2.1) stands out for being perceived as highly valuable, with a reduced deviation as regards usefulness, as shown in Table III . Similarly, as shown in Table II , it is also highly valued for its easiness (mean = 4.18, mode = 4), even though it is on the eighth place in this regard.
Considering group work (2.2), it can be seen that both its mean and mode values are high (4.15 and 4, respectively), and it is the activity assessed with the highest level of agreement, since it has the lowest dispersion.
On the other hand, if both parameters (easiness and usefulness) are analyzed in parallel, it can be seen that only laboratory practices (1.3 and 2.3) and group work (1.2 and 2.2) are among the first four highest ranking activities.
As regards both activities, it should be noted that the level of agreement is higher in relation to laboratory practices (lower deviation) than in relation to usefulness (higher deviation). It is remarkable that it has been very highly valued both as regards easiness and usefulness, with a mode of 5. The opposite happens with group work, where the lower deviation value corresponds to usefulness. 
C. Objective 3: Conceptual Maps Usefulness and Ease-of-Use Assessment
As regards the third objective, which focuses on the specific opinion of students about the easiness and usefulness of conceptual maps as representation and evaluation tool, using the same 6-level scale described above, the group assessed easy-of-use with a mean value of 3.5, and usefulness with a mean value of 3.75, with a value of 3 and 4, respectively, for the mode. This indicates that, for the group, conceptual maps seem to be more useful than easy to use. A more in-depth analysis of these results indicates that 55% of the group found building these maps to be difficult (assessment between 1-3), while 60% of the group found maps useful (assessment between [4] [5] [6] .
If the relation between easiness and usefulness is analyzed individually, it can be observed that 30% of the students assessed both with a value of 5 or 6, i.e., easy and useful, and almost the same proportion of students (25%) considered that it was not easy or useful. Finally, 30% of the students indicate that they found it difficult but useful; and the remaining 15% found it easy to use but not useful.
The same as with the previous objective, students also assessed the 12 activities carried out during the course. In this regard, it can be seen that conceptual maps had the lowest scores for easiness, and second to last for usefulness.
However, based on individual surveys, the group assigned a high score to the activity of building conceptual maps as a group for their learning resource. The survey, which is divided in three sections, shows that:
• The teams followed the required learning strategies for creating the maps (identifying key concepts, structuring information, defining relations and chaining logic, etc.).
• Group work shows that students were able to define objectives and jointly plan the task, communicating fluidly and with equal participation.
• The group is highly satisfied with their learning, the appropriateness of the map created, working as a team, and the results obtained.
D. Objective 4: Student Learning Style Identification and Analysis
The fourth objective was studying student learning styles and identifying the preferred one, analyzing potential correlations with favorite activities.
The results of the group in the CHAEA questionnaire for each of the four learning styles, based on the scale established for the reference group, are presented in Table IV . The shaded cells indicate the values of the scale where the group mean is found for each style (Activex 9.9/ Reflectivex 16.05/ Theoreticalx 14.1/ Pragmaticx 12.75). Therefore, comparing these results with the scale in CHAEA for their reference group (technical courses of studies: Computer Science), it can be seen that the group scores lower than the mean as regards a preference for the active style. The group is within the mean for the reflective and pragmatic style, and it has a preference above the mean (categorized as high according to the reference table) for the theoretical style.
This points to a greater preference for working with structured situations that have a concrete goal. They prefer to work with data and models and establish connections between them. They need enough time to do this work rigorously. They like being able to question and test things out. They are logical and precise, they can work under intellectual pressure to solve a challenge, and they like untangling complex situations. Table V can be used for a more detailed analysis, since it shows individual results. The first 17 students in this table  are those from Table I , while the last 3 students filled in the learning style questionnaire but did not carry out the automatic evaluation tasks, which is why they were not included in Table I .
As regards group specific preferences, using CHAEA, the following stands out:
• The mean is high in the theoretical style, but it should also be noted that 59% of the students presented a "very high" preference, and 41% of them a "moderate" preference, with no "low" or "very low" occurrences.
• In both the reflective and pragmatic styles, there is a predominance of individuals with a moderate preference (58%).
• The low incidence of the active style is noteworthy, with 45% for "low and very low", 35% for "moderate", and only 20% for "high and very high", which might indicate that students may have difficulties when trying new things, generating ideas, taking on risks, etc. Felder's Index [26] yielded the following results as regards group preferences:
• The low incidence of the active style matches the data obtained with Felder and Silverman's questionnaire, with a predominance of a balance in the active-reflective pair with 60% (matching the result obtained with CHAEA).
• As regards the Sensing/Intuitive pair, results show 10% of a "very high" preference and 45% of a "high" preference for the sensing style; it should also be noted that in neither case there is a high preference for the intuitive style. The sensing style defines characteristics that are similar to those corresponding to the theoretical style in CHAEA, so the results here point in the same direction.
• There is a relevant preference for a visual style (35% "very high" and 40% "high") and, more interestingly, there is no preference for a verbal style. Therefore, students will use as reference what they see, which will be what they remember best (images, charts, diagrams, timelines, movies, demonstrations…); rather than verbal information, which they have more difficulty in remembering.
• As regards the Sequential/Global pair, the results obtained were not relevant. These results partially match the research in [26] with Engineering students. This is also applicable to the sensing and visual preference, and does not match the preference for an active style, as already mentioned.
Finally, a potential correlation between the use of conceptual maps and the results obtained around student learning styles is analyzed. From the point of view of CHAEA, since the use of conceptual maps is favored by the fact that students have a high or very high preference for the theoretical and pragmatic styles, in general terms, presenting ideas in a structured way could be more motivating than the fact that they can be immediately applied and transferred to the real world. On the other and, based on Felder's work [26] , conceptual maps favor a visual and sensing style, so using them would be in agreement with the idea proposed by the authors that the teaching style should connect with these characteristics of the students. In this sense, even though conceptual maps were not considered by students to be one of the easier or more useful activities, using them would reinforce the work done through visual channels, although not as much as creating learning resources such as videos.
Also, a correlation can be established between the good result obtained for the activity "Attending to a master class" and the fact that the group obtained a high score for the theoretical style.
VII. CONCLUSIONS
In the context of an Engineering subject, the students created their own learning resources and used conceptual maps to express what they wanted to teach and what they learned when working with these resources. To this end, a tool called M-eRoDeswas used which, unlike other learning tutors, supports collaborative activities and provides automatic feedback to students that allows applying formative evaluation throughout the learning process.
Specifically, the possibilities of using conceptual maps as strategy for representing and assessing the knowledge acquired by students have been analyzed. Potential links to the learning styles of the students attending the course have also been considered. These styles were identified using questionnaires that are well known in academic literature.
The first conclusion is that students value the strategies developed, and are satisfied in particular with the resources created and the results obtained. These perceptions and opinions are in agreement with the results of the learning styles questionnaires, which indicate that the students value visual and sensing aspects, meaning that they consider multimedia resources attractive for learning.
On the other hand, students do not find conceptual maps easy to build. The moderate preference for the pragmatic style, which matches the analysis of university students done by the authors of CHAEA [24] , [28] , could affect this perception. In this regard, more work needs to be done to find ways to make the task of building these maps easier for the students. However, they are aware of the usefulness of these knowledge structures and, therefore, of their role in knowledge exchange and the assessment process used in M-eRoDes.
In any case, it should be noted that the fact that one activity requires more effort on the part of the students due to their own learning style does not mean that educators should avoid such activity. Quite the opposite in fact, since a greater level of difficulty could simply be a greater challenge for this group that could eventually help them develop abilities to express knowledge using the strategy. CHAEA's model itself states that students should actively work to learn under any circumstances and with any learning activity, regardless of their preference. Working in this direction can open doors to strengthen students' self-regulation and autonomy processes.
Along this same line, it should be noted that the friendliness and usefulness that the group attributes to the theoretical lecture should not justify either going back to this type of methodology as central element in the process, but rather value it as a supplementary activity.
Identifying students' learning styles at the beginning of the teaching and learning process is an option that should be studied in greater detail, and it should be useful to educators [33] , [34] , since they would be able to provide greater support for those activities that are further away from the natural way in which the group learns.
As regards study limitations, it should be noted that we have worked with only one group/class, which limits the possibilities for generalizing the issues observed. Also, there were other, non-controlled variables that may have affected student assessments. The most relevant ones could be: specific characteristics of the group, the efficacy of the initial introductory training to the use of conceptual maps, and variables related to students' personality.
In any case, and to sum up, from a prospective standpoint, creating audiovisual resources and using conceptual maps is not something that is specific to Computer Science. Therefore, this proposal could be applied to subjects taught in other disciplines, especially those in the final years of graduate and master degrees. The path traveled by the students has helped them reflect on their own learning, that of their classmates, and their active participation in the learning process, and it has allowed educators to assess the strategies used based on the group of students. Similarly, the role of the tool M-eRoDes also stands out, since it proved to be a good support for this model and allows for reusability by both students and educators.
